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I. INTRODUCTION 

The major objective of the present report is to evaluate the potentials 
of a ducted fan type flying crane. An optimization stucly is conducted 
for a series of ^iven missions characterized by payload, range, and 
hover time. Such a study requires a knowledge of the weights of the 
various components and of the power requirements in different flight 
conditions. 

Unfortunately, very little information is presently available on the 
aerodynamic characteristics of a ducted propeller in transverse flow. 
Truck tests conducted on Killer's flying platform, see Ref. 1 and Sec- 
tion 111,1 of this report, indicate that in forward flight relatively 
large pitching moments occur which must be compensated by proper means 
of control. Further, as the moments of inertia of a flying crane about 
its three principal axes are extremely large, very powerful control mom- 
ents throughout the speed range are required. The simplest method of 
generating the necessary control moments in pitch and/or roll is differ- 
ential collective thrust in a multiple ducted fan configuration. Such a 
configuration requires a minimum of three ducts. On the other hand, a 
duct number larger than four is believed to be impractical if a reason- 
able forward speed must be obtained. This study has, therefore, been 
limited to a three «nd four-duct configuration. 

As far as possible, performance and control calculations have been based 
on data derived from experiments. This refers primarily to the hovering 
power required and to the pitching moments in forward flight. As re- 
liable test data on power required in forward flight are presently not 
available, theoretical expressions based on the momentum theory have 
been derived. Those theoretical data,in connection with an assumed 
realistic value for the propeller efficiency,have been used for the 
power required calculations for all forward flight conditions. To sim- 
plify these numerical calculations, general nondimensional charts have 
been prepared. It should be noted that the additional power required 
for the compensation of the pitching moments has been taken into account 
and that interference effects have been neglected. The reason, again, 
is lack of basic information. 

As it is rather difficult to predict, at the present time, the flight 
characteristics at higher speeds, the cruising speed assumed for the 
given missions has been arbitrarily limited to 70 knots. This figure is 
believed to be conservative. 

1-1 CONFIDENTIAL 
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II.    POWER AND FUEL REQUIRED 

1. POWER REQUIRED 

Hovering 

Theory states that the presence of a duct greatly Increases the effic- 
iency of a propeller; experiments conducted so far confirm the theory. 
The efficiency of a propeller-shroud combination in hovering can best be 
expressed by the figure of merit, M, defined by the expression 

i-i& (i) 

In this equation 

T - thrust, lb 

P ■ power, lb ft/sec 

2 
A s propeller disk area, ft 

T/A = disk loading lb/ft2 

9   i 
p = density of air, lb sec /ft 

For an unshrouded propeller the figure of merit amounts to approximately 
M = 0.7 to 0,75; for a properly designed propeller shroud combination 
this value goes up to approximately 1.5. According to equation (1) this 
means that for given power and propeller diameter the ducted propeller 
produces up to 60% more static thrust than a conventional unshrouded 
propeller. 

In order to derive a realistic value for the anticipated figure of merit 
of a ducted-fan type Flying Crane, a survey of the test data available 
has been conducted. Fortunately, already a considerable amount of static 
testing has been done. Some of the results are discussed in the follow- 
ing paragraphs. 

Fig. 1, derived from test data reported in Ref. 3, shows the figure of 
merit M of a shrouded and unshrouded propeller against the blade pitch 
setting. The maximum figure of merit of the shrouded configuration 
amounts to approximately 1.15. It should be noted, however, that this 
propeller-shroud combination has been laid out for an advance ratio of 

II-l CONFIDENTIAL 
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0.95.    It nay, therefore, be expected that by using a duct form which 
favors the low speed range, higher figures of merit for the hovering 
condition can bo obtained.   This is confirmed by the curve shown in Fig. 
3.   This carve, plotted against the coefficient C- as defined in the 
original NACA report, represents the figure of merit of the "short- 
cruise" shroud tested by R. J. Platt, see Ref. 2,   According to Fig. 3» 
in thiM case value« o:' M - 1.5 and higher are obtained. 

In Fig. 2 the figure of merit of various other test data is plotted 
against the disk loading.   These data come from different sources.    The 
upper curve represents tests conducted by the Doak Aircraft Company, Ref. 
8.   The two lower curves arc taken from Ref. 5, they are the results of 
a survey made by A. Stone, BuAer, and refer to an area ratio of 1.0 and 
1.2, respectively.   Finally, the single point plotted in Fig. 2, is taken 
from Ref. 7.    The various data represented in Fig. 2 fall into the range 
1.23< M<1.56 where the lower limit is partly based on Krueger's tests, 
which, as mentioned previously, have been conducted on propeller-shroud 
combinations laid out for high advance ratios.    It appears, therefore, 
that by a proper design, at least values of M ■ 1.3 to l.li can be ob- 
tained.   For the hovering performance calculations of the Flying Crane 
M        ].31 lias been assumed, this figure is believed to be conservative. 
In the prcliminar;,' design studies of this report, the engines are loca- 
ted in the center of the ducts, and transmission losses are, therefore, 
relatively low.    It has been assumed that these losses amount to approx- 
imately k.5^, i.e.,  the transmission efficiency ri  * 0.975.   With these 
assumptions it follows from equation (1) that the total hovering power 
required amount., tc 

(HP) W 
hovering     550MTV  f 2p (2) 

when 

and 

W : gross weight, lb 

w -■  effective disk loading, lb/ft' 

MTL - 1.31 x 0.95 

- 1.28 

Forward Flight 

As mentioned previously, no test data are presently available on forward 
flight characteristics, i.e., on power required in transverse flow con- 

CONFIDENTIAL II-2 
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dltions. The Performance calculations of levsl fo;»ard flight and clinb 
have therefore been baaed on equations derived from the aonentum theory. 
Compressibility effects have been neglected. 

For simplicity, at present only one ducted propeller is considered. The 
equations can also be applied directly to a multiple ducted fan config- 
uration if power required, weight, and external drag are interpreted as 
power required per ducted propeller, weight carried per ducted propeller, 
and drag per ducted propeller. 

If no additional means of propulsion and lift generation are used, in 
level flight the vertical component of the net thrust vector must be 
equal to the weight and the horizontal component equal to the external 
drag. Let be 

W - weight, lb 

D   " external drag, lb 

D. ■ internal drag (actinf in the direction of duct 
axis), lb 

V = flight velocity, ft/sec 

V r duct exit velocity, ft/sec 

2 
A - duct exit area, ft r 

m = mass flow per second, lb sec/ft 

If a denotes the forward tilt angle of the duct axis and 

T - W + D + D. (3) 
e   i 

the resultant force vector, it follows from Fig. h  that the horizontal 
component of T must be equal to (D + D. sina), and the vertical compon- 
ent equal to (W + D. cosa). 

This means that the following equation must be fulfilled 

T - (D +D. sina}''- + (W+D. cosa)'" (h) 
e i i 

On the other hand, the momentum theory states 

H^ CONFIDENTIAL 
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T • mVA ^ mVn (5) o        e 

or, from Fig. I, 

T2 " in4V 4"/*m2VÄ
2-^in2VÄVÄ sino (6) o        e oe 

Equating the rignt hand sides of equation (h) and equation (6) leads to 

B2V ,2*m2V 2-2m2V V sino ■ ^♦D^2^ 2*2WD,coso o        e o e ell /,\ 

♦2D D.sina e i 

where the mass flow 

m =- V A p (o) e e^ 

From Fig. h  the following equations for the required duct tilt angle can 
be derived^ 

(9) jina 
b ♦mV 

0 
mV -D 

e    i 

ro,:a W 
mV -D. 

e    i 

D +mV 
t ^1 f ,ot 

♦       ') 

(10) 

w (u) 

The theoretical studies can greatly be simplified by introducing non- 
dimensional coefficients. Let be 

W/A 
1 -  -4 (12) 

pV " f   o 

c  -  Vc/Vo (13) 
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fe"—r- 6     AeVo
2p/2 

(U) 

fi "  T— (15) 
1   A v -p/a e G 

K/ 

The most significant of these nondiinunsional coefficients is the quan- 
tity T, which detemines the aerodynamic characteristics of a given 
flight condition.    It can easily be seen from equation (12) that 21 can 
be interpreted as a conventional lift coefficient referred to the wing 
area Ag and the free-stream velocity V0.    The parameter f should be con- 
sidered as the major parameter of a ducted fan, for this reason the var- 
ious quantities which determine power required, tilt angle, pitching 
moment, etc., have later been calculated and plotted as function of f. 
It may be of interest to note that for a Flying Crane, as investigated 
in this report,  the quantity f falls into the range 1< f< • where f e • 
refers to the hovering condition.    See also Fig. 5 where f is plotted vs 
disk loading for several velocities.   These curves refer to S.L. condi- 
tions. 

Another important parameter is the quantity c which, according to equa- 
tion (13), represents the ratio (duct exit velocity)/(free stream vel- 
ocity).    Finally,  l^ and fe characterize the internal and external drag 
of a ducted propeller configuration and can be interpreted as drag co- 
efficients.    It should be noted that the external drag coefficient fe is 
referred to the free stream velocity V0, and the intern il drag coeffic- 
ient fi to the duct exit velocity Ve,    For tlv disk loadings and the 
speed range of a ducted-fan type Flying Crane or, more appropriately, 
for its Hf-range,  the internal drag is of minor importance.    Evaluation 
of test data and preliminary numerical studies show that values of ap- 
proximately fi = 0.08 to 0.09^' must he expected.    The performance cal- 
culations of this report have conservatively been based on 

f.  - 0.1 (16) 
i 

With equations (12), (13), (lä), (13') the equations (9),   (10), (ll) sim- 
plify to 

f +26 
sine = —  (17) 

26^-f. 
1 
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cose •     M1 (18) 

T tana •• —■    c (19) 

Similarly, equation (7) can be reducud to 

t4 (l'l/2 fi) -e?-efe " f2*lA fe
2 (20) 

The last equation permits the calculation of « as function of disk load- 
ing, speed, external and internal drag. As the knowledge of this quan- 
tity is mandatory for several reasons (determination of tilt angle, 
power required) general charts have been prepared which will be discus- 
sed later. 

The momentum theory states that for the ideal case (propeller and trans- 
mission efficiency = l) the power required amounts to 

where the mass flow is given by equation (8). If ■>>), 1% denote the pro- 
peller and transmission efficiency, respectively, the brake HP required 
for level flight become:; 

-) 

With the nondimenüional coefficients given by equations (12), (13) the 
above equation can be rewritten as 

WV       2 v 
(HP)

LF "' ZSWy\ x —f— (?3) 

Similar to equation (■ ), which determines the power requirement for hov- 
ering,, equation (^3) can also be expressed as 

CONFIDENTIAL IL-6 
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^rrr   1/^ 'U    5501^  y?p 

where the nondimenslonal quantity T represents a kind of figure of merit 
for forward flight.    Comparison of equations (23)> (21*) gives 

T - %— (25) 
e(e2-l) 

The numerical performance calculations have been based on the following 
assumptions, believed to be realistic 

n   •» 0.67 

T^ - 0.975 (26) 

In order to clmplify the numerical investigations several charts have 
been prepared, see Figs. 6 to 11. The curves represent the quantities 
c, o, e(e • 1), and T, plotted against the parameter f. As can be seen 
from Fig. 5, for the assumed cruising speed of 70 knots and for the disk 
loadings investigated, the parameter 1 lies within the limits 1< f< 10. 
Therefore, the curves represented in Figs. 6 to 11 are in most cases 
restricted to this ?-range. Inspection of the functions represented in 
these graphs leads to the following conclusions. 

Figs. 6 and 7 show the velocity ratio c for f^ = 0 and f^ = 0.1, res- 
pectively, for an external drag corresponding to fe - 0, .2I4 and .l^ö. 
Comparison of these curves indicates that within the range investigated 
the internal drag has only a minor effect and that, as expected, the ef- 
fect of the external drag increases with decreasing Y-values, i.e., with 
increasing speed. 

Fig. 8 shows the duct-tilt angle a vs 1 for various external drag coef- 
ficients. The internal drag is assumed to be fj = 0.1, slip-stream de- 
flection by vanes is not taken into account. The curves of Fig. 8 show 
that even for zero external drag appreciable forward tilt angles are re- 
quired. For instance, at a disk loading of 50 lb/ft^ and a speed of 70 
knots, the parameter Y is approximately 1,5. According to Fig. 8 a tilt 
angle of approximately a - LS0  is required for this flight condition. 
This figure refers to zero external drag, it increases slightly if ex- 
ternal drag is considered. 

II.. 7 CONFIDENTIAL 
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2 
Figs. 9, 10 show the function F ■ e(e -1) and its first derivative 
F' ■ dF/dT. The former function plays a roll in the calculation of pow- 
er required for forward flight. The latter is needed later to calculate 
the variation of power required caused by changes in weights due to fuel 
consumption. For f< 1 the following approximation can be used 

i*6x irr (27) 

where 

r*j (28) 

Fig. 10 nhows F   as civen by equation (27), it represents the mathemat- 
ically correct solution for the simplified case f^ ■ fe 

B 0. 

In Fig. li the parameter T is represented which.according to equation 
(.'M,,determines the power required for level flight.    The curve is based 
on the folJowint' asjumptions 

f.  » 0.10 

f    ■ 0.36 
e 

The justification for the selection of the above fe-value will be dis- 
cussed later.    It .-nay be worthwhile mentioning, however,   that within the 
upeed range  investigated a k0% in - or decrease in the external drag has 
only a minor effect on the power required. 

Evalaation of external drag parameter f 
c 

It is estnuitod that the ceuivalent parasite crea of the aircraft, with- 
out load, corresponds  Lo that of a rectangle with the length 2,I'd, and 
the width G.3D.    The equivalent parasite area of the load is given as 80 
ft'-.    This means that, by definition, 

*     bnD2A 

where 

D = propeller diameter 
b ~ number of ducted propellers 

CONFIDENTIAL II-O 
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The drag paranettr fe as given by equation (29) is plotted in Figure 12 
against the propeller diamter D.   Doth the 3 and li duct configurations 
are shown.    In each case f» decreases with increasing D-values.   Also 
plotted is the value fe - 0.36 on which the performance calculations of 
this report have been based.   For a ii-duct configuration with D>15 ft 
the drag parameter is considerably lower than fe ■ 0.36.   On the other 
hand, for the 3-duct configuration with small propeller diameters fe is 
somewhat higher than 0*36.   As mentioned previously, for the speed range 
considered in this report (V<70 knots), the external drag has only a 
minor effect on the power required.    It is, therefore, believed that the 
assumption of a constant fe-value is Justified and within the limits of 
the accuracy with which the performance can be predicted today. 

Climb 

Fcr climbing flight (y ■ angle of climb) the forces acting parallel and 
normal to the flight path area 

in direction of flight:     Drag ♦ (Weightxsiny) 

normal to direction of flight: W cos y 

This means that the lündimensional coefficients Y,fe (referring to level 
flight) for climbing flight change to 

f - T cos y (30) 

(fe)c - fe + 21 sin y (31) 

The total power required for climbing can again be calculated by equa- 
tion (23) if 1 and fe are replaced by Yc, and (fe)c, respectively. The 
power required can also be expressed as 

where the first term in the parantheses refers to the power required in 
level flight and the second to the excess power required for climbing, 
i.e. 

A f  _ Excess power required for climbing /-^s 
/-J  " Power required for level flight 

The excess power required for climbing can also be written as 

W V 
(HP) - —H  (310 c   ^\y\ 
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where tue rate of climb 

Vc ■ Vo sin Y (35) 

The tc^n n, in equation (yk)  renrusents 'Jie cliabinc efficiency; from I   Win  TV 

mtions T oruntions 132) and (3a) it follows Ujat 

t* 
> sin I (36) 

In Fijure 13 the clijnbing efficiency i^. as defined by equation (3M has 
be»M plotted Sfiainst the power ratio^f/f   .   Curves for 1 w h, 8, 12, 
16, and 20 are shown, also plotted arcrcurves for constant y values. 
The various curves LM Figure 13 indicate that the clunbini; efficiency 
decreases with incr-asing climb angles y a:».d increasing f-values. 

Figure 13 can be Ui.ed to calculate the late of climb as follows.    Let be 

(HP)... ■ Horsepower available 

(HP).« ■ Korsepover reouired for level flight 

(HP^CKP), 

THFI 
A/ _ 

From ecuation {}h) il follows that the rate of climb 

v c 
VVJ, ,|(HP)AV-(HP)LFj x—P-E (37) 

wh'.-r-j r^, c .n t'C  ...'ken from Fi ;ur2 13 as function of^f/f and Y.    It May 
bu ■. 0, Ui'.Ji.'.lj n:   ;v,io:ii,i', that for Mr; Hying craue stu^v  of J'is report, 
cue to Au /lovorir- r^riiruncnt (6000 ft, ^5°),  tho vr.tio^/1 £01- :'.;i 
altitu(':j 0'.' .u\'0 i't flmoujits  IJ ajoproyj.matGly O.k. J * 

?..    £FFi:CT OF FLIP..T J: n'ATlO'l ON FUEL CONSUMPTION 

Hovering 

Let be 

(PIP)    - povrcr r^quirect at the beginning of hovor po.ciod 

3FC c specific fuel consumption lb/I?P/hour 

tj, = hovor limü, minutes 

CONFIDENTIAL H-IO 
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Differentiation of the basic equation (2) for power required in hover- 
ing gives 

A first approximation for the change in weight due to fuel consumption 
is 

dW-        0   60     ^ (39) 

Inserting equation (39) into equation (38) leads to 

(HP) (SPOt» l/T 

This means that at the end of the hover time the power required amounts 
to 

and that the average power required during the hover period is approxi- 
mately 

HP)  ,    HF  f. - n—^ ife a2) 
('■ 

average   o I    ÖOx550Mn K?p 

Based on this average power required, the fuel consumption in lbs for a 
given hover time tu in minutes becomes 

^^ Weight = büxbm^ y^ j1 ■ roggaH^ygp]        (W 

Forward Flight 

An analogous expression can be derived for forward flight. If (HP)0 de- 
notes again the power required at the beginning of the cruise, a first 
approximation for the decrease in weight due to fuel consumption is giv- 
en by 

dW = (HP)o(SFC) time (hh) 

The time required to travel the range R (nautical miles) at the speed 
V (ft/sec) is 

II-ll CONFIDENTIAL 
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Cruising tine ■ 1.69 R/V   hours (US) 

Inserting equation (ii5) into equation (Ui) gives 

(HP) (SFC) 1.69R 
dW-   —1^  (W 

From 

Y'Y        &* equation (12)) (17) 

^, - f        (See equations (12), (23)) W) 

dF - F'dT  (by definition) (Ii9) 

it follows 

d(HP) - (HP)o ^ ^ f 

pVo 

(50) 

With dW as given by equation (li6), the above equation (50) can be re- 
written 

9 F'w (SPC)1.69R 
d(HP) ■ (HP)/  ^ ,  (51) 

FpV ^W o 

This means that the power required at the end of the cruise amounts to 
approximately 

(HP)0-d(HP) " (HP)o /l - 
F'(fxlll-

69R j (52) 

where the function F' can be taken from Figure 10. The average power 
required during the cruise period is 

(HP)     = (HD /i - p'tfy { (53) v    'average o | 4x550        j 
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which means that during this cruising period the following amount of 
fuel Is consumed 

Fuel weight   ' (HP)ave      x(SPC)x(time) 

(Sk) 

(SPC)R (HP)o V1 COT ) 

In this equation, which elves the fuel consumption In lbs, Vcr denotes 
the cruising speed in knots and R the range in nautical miles.   The term 
in the parentheses represents the average reduction in fuel consumption 
or power required due to the decreasing weight. 
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3.   FUEL-WEIüHT RATIO 

The various basic equations for power required, fuel consumption, etc., 
derived in the previous sections are applied to a specific mission which 
is described schematically. 

s*im I*3JOO' 

Home   F*..* r-'/of'' Q.tfe Home ßjse 

Thi.c missicii ccisisLs of the following ope rations under standard atmos- 
pheric conditions: 

1.  Wanning up at 100^ norrnal rated power at home base witn full load 
at 2000 foot altitude. 

Ciunhin,: from .-;CC0 to 3000 feet. 

3.  Gniisin,: at 300Ü feet to remote base at distance R from home base. 

1;.  Hovcrm.- at 2000 feet with release of payload. 

5. Climbing to 3000 feet. 

6. Cruising back to home base at 3000 feet. 

7«  Carrying a fuel reserve of ten percent of initial fuel. 
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The specific fuel consinption (SPC), that is emplpyed in all coapuu- 
tions, is assigned a value of «55 lbs/BHP-hr at 100% normal rated power 
(KRP) and at sea level standard day and made proportional to the SFC 
characteristics of the gas turbine engine of Chart 11 of Hiller Report 
No« 630.5t see Reference 9«   The SFC versus NRP curves are presented in 
Figure lii.   The installed power is given by the hovering capability at 
6000 feet altitude and 950F day.   NRP available at different altitudes 
is made proportional to the NRP of the above mentioned Hillor report. 
The NRP versus altitude curve is also presented in Figure lij. 

The general equation for the dimensionless ratio Rp of fuel required to 
gross weight may be written as follows: 

(ARp ) ♦(ARF ) ♦ARp   ♦ARp   ♦ (ARp ) ♦(ARp )   (55) «F- 1.10 

In the above equation, which is patterned after the presentation in Ref- 
erence 10, the various increments in Rp refer to parts of the general 
mission. 

(ARF2)i is t*16 fuel ^ weight ratio for climb from altitude hj ■ 2000 
feet to h2 ■ 3000 feet on a standard day at a speed of hO knots and 
normal rated power. 

It can easily be seen that 

^W ■ (mm)(SFC (IOOOKSFC) 
WJ (RT?) (56) 

where WQ denotes the design gross weight, and BHP the total power re- 
quired in climbing flight, BHP is the sum of the expressions given by 
equations (2J|), (31*). For the calculation of the effective disk loading 
we, in equation (2li) it has been assumed that only 91^ of the area is 
effective which means 

w = 

The rate of climb 

R/C 

where 

law 
bnlTA 

330001^ 

(57) 

AH?     BHP LF 
W w ft/min (58) 

AHP = available horsepower at 2500 feet,  std, day 

= Ui60 AHP6000S 95oday 
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As nontloned proviousl;.', for the Flying Crane studies uf the present re- 
port the ratio (excess power available for clinb)/(levol flight power) 
is approxijjwtely hO%,   For this particular case a conservative approxi- 
mation fcr tr.c rate of clljiu; IS given by 

R/C • 7.0 Vo VF  ft/nin (59) 

wnere V   is the flight velocity m ft/sec (assumed to be liO knots ■ 68 
ft/sec) and f is  iefined by equation (12). 

(ARFi)2 is aiso given by equation (56) where for the calculation of the 
power renuired, BHP, the reduced weight due to fuel consumption and due 
to the released load has to be taken into account. 

(ARP2)i wd (ARF2^ represent the fuel to weight ratios for cruising. 
The cruising speed is assumed to be 70 knots.   According to equations 
(53), (67) the average HP reiuirod for cruisinj,* arounts to 

BHP - ^ yj 
W k 

o c 

This moans 

F'iSFC){R-Rc) 
1 OT  

(60) 

(SPC)(BHP)(R-R ) 
(ARp )       ^        y     n  (61) 

^ 1,^ er   G 

In these oquations 

W^ = actual weight at tho beginning of the cruise 

W- - design ^ross weight 

R = design radius of action, naut. mi. 

Rr = range credit during climb, naut. mi. 

V  = cruise speed, in knots 
er        r  ' 

/\Rpo is the fuel to weight ratio for a starting time of 2 minutes under 
condition of expenditure of 100^ normal rated power. 

Afs - &)(SFC) (f)=© (SFC) (f)      (62) 
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£$pt  is the fuel to weight ratio for hovering at altitude hj ■ ^ÜOC 
feet with full load. 

A\ " (Src) (^)   (f) (63) 

In the above equation, BKP represents the av-ir^c power requxrud for 
hovering 

where 

BHP . 
wo 1/=: r <SFC)<V fr" (Oh) 

L. ■ mission hover tLio, minutes 

p - air dcnsiti,  .0022li2 slugs/oi.ft 
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III. CONTROL C0NSIDERATI0K8 

1. METHODS OF CONTROL 

It is assumed that control about the longitudinal and lateral axis is 
ac ioved by differential propeller thrust.   As a variation in thrust 
also affects the torque, the use of counterrotating propellers is mand- 
atory for the three-duct configuration.    If the directions of rotation 
are properly chosen, for the four-duct configuration also single pro- 
pellers can be employed.    However, in order to avoid large gyroscopic 
moments due to angular velocities in pitch or roll, the design studies 
of both configurations have been based on counterrotating propellers. 
See also Drawing Nos. 1 ari 2, which show a 3-view sketch of each con- 
figuration. 

As there is no need for large angular accelerations in yaw, it is be- 
lieved that yaw control can best be achieved by differential slip-stream 
deflection, preferably by vanes arranged in the fore-aft direction.    In 
order to produce a pure yawing moment, the force to the left must be 
equal to that to the right.    This means that for the 3-duct configura- 
tion, the single duct in the front requiros about the same vane area of 
those of the other two combined.    It will be seen later that In forward 
flight relatively large nose-up pitching moments occur.    In order to 
compensate these moments, the thrust of the rear propeller(s) must be 
increased and that of the front propeller(s) decreased.    This fact, to- 
gether with considerations relating to the static stability in forward 
flight, determined the duct arrangement of the 3-duct configuration 
which has one duct in the front and Lwo in the rear. 

2. EFFECT OF CONTROL ON POWER REQUIRED 

As mentioned previously, in forward flight relatively large nose-up 
pitching moments occur which must be compensated by differential thrust. 
The pitching moment per duct can be expressed as: 

M = C AqD (65) 

where 0 s f(Y) is a nondimensional pitching moment coefficient and 
m 

2 
A = propeller disk area; ft 

D = propeller diameter, ft 

2 
q = dynamic pressure, lb/ft 

If b denotes the number of ducts, the total pitching moment amounts to 
approximately 
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XtoUl ^ ^ W 

This pitching "^onent depends, of course, on the e.g. location of tho 
Flying Cmne.   A first approximation can be obtained from the C -curves 
plotted in Figure 15. 

The increase in total power required is taken into account by adding a 
factor k ) 1 to the performance equation (21*) which thus becomes c 

In this equation 

(68) 

denotes the overall efficie-.cy assumoo t^ be 0.8?.    Ti.e numerical   cal- 
culations have beeii viasea on kc ■ l.Oii i-hicli is 3ppro:^Ji,..t/:.,ly the maxi- 
mum found at .•' speed of V" e /0 knots.    Ihe figure kc ■ 1*01 states that 
a hi increase m total powci' is necessary to produce the different,ial 
thrust reouired for pitch control.   It shcuid be noted that the changes 
for the individual projwllorc are considerably higher.   For the rear- 
propellors, which have to produce a larger thrust, the increase amounts 
up to approxiiiiatelv 2$% for the 3-duct configuration and up to }}% for 
the li-duct configuration.    This can best be shown by the following ex- 
ample which is typical. 

Example: 3-Duct Configuration 60 knots, SL 

Gross Weight 96,000 lbs 

Duct Diameter 28.6 ft 

Fore-aft distance between Ducts    36.5 ft 

Without consideration of control moments: 

Lift per Propeller 32000 lbs 

Power per Propeller 5670   HP 

Total Povrer 17010 HP 

With consideration of control moments: 
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The pitching mow nt ainounta to h}2tdOO lb.ft which jnenn» that the 
lift of Jno fro'it propeller has U be decreased by ll,S00 lbs arid 
th*.t of yac'i r«ar propeller is in.^*sed bv 0900 lbs,   T-c result- 
Inr change in lift ana power uistribution is shown in th^ following 
idol  . 

LiCt, lbs Power, HP 
Front Pmptiller: W,?:fi 3100 

E:ich R.dr Pr ;>-ller:    3/.900 12 ': 

Tu^il; 96.000 17500 

IJ   this 'Jase the mcr^so in uiUl power .unf.unts t'> ;.npr« r'.ünMely }%', 
it is beUf-^d t'-.it b'    hi de/clopnent >f orc:>er da:.; shnpes *.he 'jffect 
of co'trcl ci pr. .r r. n.irvd or   ! r. mi.uii?'-'.,   Ko«/ v.r, until t*i ,s ?J- 
formation :.s avalldble, *hc additurml losses o« dipproxinratolj h% ut 7« 
knots s^«' ..Id b: '<ker- i-to  .'.c. u'.t. 
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IV. DERIVATION OF WEIGH? EQUATIONS 

1. GENERAL METHOD 

In order to determine the empty weight of the aircraft, the Mights of 
the components are first derived.   The components are listed as follovj: 

Rotor Weight WR 

Transmission Weight W- 

Duct Weight W 

Engine Weight w,, 

Engine Accessory Weight      VL. 

Structural Weight (Beams) w 

Structural Weight (I^lons) W-p 

Structural Accessory Weight        Wg. 

Other Weight WQ 

The ratio of aircraft empty weight to gross weight is called 0. 

0 = £ Component weight^Gross weight, W- 

The weight of fuel and fuel tanks equals gross weight less payload, W-, 
and empty veipht, W , ©rnp ty 

Wfuel  + Wtanks = W
G " wp " Weinpty 

The weight of fuel  tanks is a constant proportion of fuel weight.    There- 
fore, fuel weight can be expressed as a constant, K,  times weight of 
fuel plus tanks. 

fuel v fuel       tank G       P       empty 

Dividing this equation by ViL gives: 

"fuel     JV0    ^    VtyN 

or 
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V H-') 
The ratio of fuel weight to gross weight, Rp, is called the "Fuel Avail- 
able Patio". It is equated to the "Fuel Required Ratio" to determine 
the gross weight of a design that will satisfy a given set of conditions. 
In solving this equation Rp is plotted against MQ and disk loading, w. 
Therefore, MQ and w are considered as inde.'Tendent variables and all 
component weights are determined in terms of them. 

Both analytical and statistical methods are used in deriving the compon- 
ent weight expressions. Values of each component weight have been tab- 
ulated in order to obtain tables of values for 0, from which in turn are 
obtained values of fuel available. The component weights have been tab- 
ulated over a wide enough range of WQ and w to include the intersections 
of the Fuel Available curves with the Fiel Pequired curves. 

In order to visualize various configurations and to make sons design 
sketches, it is necessary to know rotor diamnters and powerplant sizes, 
fr.ese ere calculated below. 

Rotor Diameter, D 

For 

D ■ diameter, ft 

b " Ao,  ducts 

W« ■ gross weight, lb 

w = disk loading, psf 

WG = 25000 lbs 

w = 3i> psf 

b = 3 

CONFIDENTIAL 
IV-2 



CONFIDENTIAL 

ARD 124      CONTRACT DA 44-I77-TC-382 

2.    COKPONKWT WIGHTS 

2.1 Rotor Weicht, WR 

Reference (12) gives the following expression for the weight of a Cur- 
tlss propeller for conventional, fixed-wing aircraft! 

Prop. Weight - K( $55 J       üVlT825 

Where 
AF ■ activity factor 

D - diameter, ft 

N ■ take-off rpm 

B - number of blades 

-8 
K ■ .26 x 10" for turbo-props 

-8 
■ .231 x 10* for reclp. engine props. 

The accuracy of this formula is checked against data from the Curtiss 
catalog, Reference (13). 

Check No. 1 Curtiss 63liS - C500, 1052, 3 blade, steel, single rotation, 
for reciprocating engine. 

D = 16.67 ft 

AF = 113 

T.O. rpm = 1225 

Actual weight = 699 lb 

weight- •231jd0'8   (iro)1'8 a6.67)1'(l225)2(3.r825 

= 753 lb (This is within 8 percent) 

Check No. 2    Curtiss CGi^S - Bi^OO,  830, k blade, steel, for reciprocat- 
ing engine 

D = 15.1 ft 

AF = 120 
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T.O. rpm ■ 1260 

Actual weight • 659 lbs 

• 832 lbs (This is within 3.2 percent) 

The fomula appears to be reasonably accurate. Reference (12) indicates 
it to be within 3 percent accurate, but uses data which varies from that 
in Reference (13)« 

Rotor disk area. A, and blade tip speed, V-, can be substituted for 0 
and N, thus: 

A2 .^V2 

«2  U 
IT 

-8 
Only shaft turbine engines will be used, so K - .26x10" . 

■. ■ •-■•(&)" <^V .•KS 

V., ■ Ö00 is considered a good value for all ducted pro- 
pellers 

A = WG/w 

Activity Factor, AF, is an expression for blade aroa/radius, in which 
greater weight is given for area near the blade tip. 
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B x AF corresponds «pproxinately to rotor solidity. In propeller design 
it Is increased as disk loading Increases. As nunber of blades, B, can 
never be a fraction, AF is Increased until Its practical limit is 
reached. Then one or more blades are added and AP is abruptly reduced. 

For purposes of this stu4y it is desirable to have B and AF vary contin- 
uously. Therefore, AF has been held constant and B allowed to vary« 
This results in fractional blades, but is a method used for first ap- 
proxlaations In actual propeller design« 

AP was chosen ■ 100« This corresponds to conventional reciprocating 
engine propellers with disk loadings around 85 psf« This disk loading 
is near the center of the range considered In this report« 

The aerodynamic section of Reference (lli) gives the following expression 
for B x AF: 

B x AF ..1360(W)w/^ 

\V 
I^y 

A,/A« ■ The ratio of slip stream area downstream to that of 
the propeller. 

■ 1.0 for ducted propellers with straight exit duct- 
ing. 

VT = 800 fps 

1+f ■ Flow area + equivalent flat plate area of drag 
surfaces. 

= 1.3 

CT ■ Mean blade lift coefficient. 

= .53 for optimum C,/C^, 

Vp = Down wash velocity. 

-ft 

AF = 100 
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3 x 100 • 1360x1.2w 

.53(800r.001785 

2.59 

f .oomsiBooy 

1.0 

/ 
09* 

.001785(800) 
7 

B - .0269w 2.59 1.0 

fün   f^räs 

v-»4(}§r .0269w 2.S9   +     1.0 

L+ra? / 09* 

825 

For a multi-rotation propeller the disk loading per hub w/H must be used 
a"d the entire term multiplied by the number of hubs per propeller, H. 

.0269 s 2.59 1.0 

Hlfig f^M 
.825 

WR - .03835 V-§ 5 
7650    . i/  111|2 .825 

2.2 Transmission Weight, W™ 

Reference (11) gives the following expression for the weight of a heli- 
copter transmission: 

tfT . .083 Q-88 (WV
37S 
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Q ■ output shaft torque, ft lb 

n ■ number of connectixig shafts 

In order to test its applicability, it is used on two transmissions of 
known weight and of the same type as those to be on the Flying Crane. 

Formula Test 1.   Allison TliO - A6,     5332 hp 
U.300 rpm input 

15*7:1 gear ratio 
2 input and 2 output shafts 

Gear box weight. 803-822 lbs 

0 - 5250 x hp x gear ratio 
input rpm 

. 52$0 x ^ 1$'7 - 30700 ft lb 

2*1 V375 •88 

WT - ( i^ .081 (30700)       - 876 lbs 

This is within 8 percent of the given weight, so the formula appears to 
be good. 

(Note*    It was found that the dual rotation output shafts must be con- 
sidered as one shaft.) 

Formula Test 2.    Allison YT-56 ,     3017 hp 
13820 rpm input 

12.5.1 gear ratio 
1 input and 1 output shaft 

Gear box weight: 1^39 lbs 

n       _ 5250 x 3017 x 12.5  . ,, „n „, 
Qout im lhm ft 

/1+1\.375 .88 
WT =   ^ j x .081 (lii300)       = I4G2 lbs 

This is also within 8 percent of the given weight, so again the formula 
appears to be good. 

It must now be put in terms of VL and w . 
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Q ■•   *£ x K-./rpc 

HP p€r duct • .0?376 W0/b »T 

b ■ nc. duct' 

, .-tor 'jlid« tl J 5neod rpa . j^. *-*  

Con3U..t viD speed " ?CX) Ips is used ii ail CTööS 

■ 1,?0CX) fura 

ii2000 rpm 
Tt. 

/i«?000 

11860 

W 

IT" 

^ :;25:o x .02376   V     * -rnr- Vrr TTG^u  f bv 

3/2 

~ 

wT - .Cl n+i .37^ 
.OlüiTl    TT b 

3/2 

wT ■   .00lh't[Zj 
375/, \.32     1.32 

p.;l'   duCt 

per ship 

'J,3 Duct Wei-ht, W 

Thie only existing clue c on vrhich thjre Wc?.s any available daip was that 
on the Killer 60,, "Fl.yin;; Plntform", described in Re^rcnce (16).    This 
only provided a duct veifht for one S'..jt o.f conditions.    As no veil os- 
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ubllshed Ihoorotlcal Inrom^tlo?» exisKo, ;t \na nfcCcssao lw coi^tn'-Ct 
u ge:ieral theorotlcfl expressio.i Tor ..ucl wjl^ht »»nc; then assign spec- 
ific values to the oxprossion by mklru? it co"rtsf>ond to two knovn ducts. 
The 60" Flying Platform conctitulwd one known duct ard the otlier consis- 
ted Df n "provisionally desl^ll^0,, duct 3*.' f-et in djamctcr. 

Ti" fo-i U»e cer^rrj. ox-'rcsoton for fVct weight it • <»s consiüojvd that a 
duct i art witnst'.«: strict'j-nl ccn'.xtions witt jre ;v.rtl/ Ilk«; t.cse ut- 
pos'd O'i «n aircraft v.x.ir   no n-ut'y like t^ose unpoü-ic DU :. :'unclago. 

AJ airpln ; wjn.' can be consi'.ier.'d :a a o   itllivor buiis w.th '» uii-i^rm 
load, w lb p« r so. ft of uppK-r sirfac«   H   'I.    ?•; nea-   !;3ii  >OK   'po con- 
-tructioii, w<ti "length, L, wititn, t, l.^i.. L, .... v».;! .r:13  V Ick^tsc,  t. 
ilir. v-tjr.al •■»!' which it is -..w rur -ten  ty, p, ?,*      .   • Inmr. .orkVn,; 
sti ss« S.    Ih.« btra'i has constint cxton« 1   » oportici.j.    >.••. ir 

a ■ kL 

h ■ k'L 

t is small compared to a or h 
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Ifetght of be— 

Weight ■ pit (2h ♦ 2«) 

M'ioür/. at base of bean 

M     T 

I , 2at(h/2)2 

ff    —TTT" 

. 2kU(k'L/2)2 

FIT? 

- kk,l2t 

kK'L^tS - kw' 

^    SIT 

Weight = pL x 1^. (Sk'L^kL) 

■ Igr   (k'+k) x WL3 

Thus,  for a beam (or wing) of ^iven propoitions end which is designed 
fcr lending strength, Weight/VorL^. 

The weight oi' the sfmc beam is now considered when it is designed for 
rigidity. 

Deflection, As « must bt m oroportion to length, L.    That is 

Al JO, Tl| 
A= waL 

A- k-'L 

waL 

I « 2at(h/2)2 
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2kU(ka/2)' 

kk,2tL3 

t • IcL 

8Ekk'2a3/Z 

kU wLc 

t - 

lik«2^ 

i4k'2k"E 

Weight • pLt(2h+2a) 

. p k**k   x 2L(k'*k) 
U' k" 

(k+k1)        T3 
p   —A-     x wL 

2k' k" 

Again, Weight ^wL 

A duct (Mr: also be considered as a cylindrical membrane loaded with a 
uniform prwssurc, w, and designed for bursting strength. It has con- 
stant proportions such that: 

L = kD 
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Weight of cylinder ■ pDLt 

■ kpD2t 

Bursting load, vLD ■ Bursting strength 2tLS 

t- wLD tmm 

Weight • !j§ x wD3 

Again, weight^w x (linear dimensions) 

The above ?hree analogies indicate that a duct that is designed only to 
resist imposed aerodynamic loads will have weight proportional to wlv. 
However, much of a duct is designed merely to support its own weight and 
to withstand accidental wear and tear.   This is analogous to an airplane 
fuselage.   Reference (15), Figure 38, gives airplane fuselage weight as: 

Fuselage Weight ■ constant x L (B ♦ H) 

L ■ length 

B ■ width 

H ■ height 

Or, Weight "-(linear dimensions) 

ficference (b) also shows fuselage weight as varying between airplanes of 
different speeds.    The effect of speed on fuselage weight is shown below: 

From Figure 38, for L (B + H) = 1000 f2 

W « 2ii00 lb for V = 300 knots 

W = 1^00 lb for V = 500 knots 

In general, it can be said that: 
n 
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REVIilüN TO g^ATA 

IY-0 

W«n 

•   » wL 

Pa^,   IV    . ... 
Wei- ■      oL x ^r- \2K ;../: WV'i   -•      ol x   «L    (rk'L^TkLJ 

5K TST' 

Pi.«,    TV- «'P     . g^;   U   «k)  X wl 
p f ' Xp    \A'   Ki   X   WL 

p.'.- IY : A        »/ki.   X   1/ 

•   . • 
iXk»  tL 

Z^ «KI. x L" 
—r"< 
.*£»'<    tL 

Pa^e rv-i. o I'JL^i x ?L(k-k) 
uk«'^ Uk'^k^E 

Puj- ly-ii p 7-^- x wL 
^k'-k" 

p T— ... WL 

2k''kME 

Pa.-e IV ^c1 

(drawing) 
h  ■• kl a = kl. 

p...-.- :v /• 

Pur.   PI ;M 

Weicht    f ic-am •■- p'.  x  (?at.h;t. Weirh'     :' 1-virr.      pi x (.?a*h)t 

 V     PI 
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DUCTSD PROPaLEa TECHNICAL STJÜY   ARD ,;. 

REVISION TO EKRATA 

PÄge 11.5 Bqua'lrn f:7),       sir»     fV;* <■ 
/ ric' 

Page II 6 BquaU- n OS-.       coao     -*-*■—r 

Page III ) PO^XX) ib« 
37.90O ibs 
96.000 -bj 

] 1 
Page V li Coiumn headed W- x 10 should read W x ,0 

0 g 

Column headed VL should read WR 

Cc.jjnn headed VL- should read W-, 
TD T 

Page V- S Column headed W- bhould read W, 
:< 

Cciumn hoadei W-- should .-fad W- 



D'CTKO PROPELLER TECHNICAL SVM   ARO UU 

^.tATA 

?^c 11- F^^ation (I/),      »ire     —-   —*- 
p'   '   c 

2f Page 11-6 Equation (U),     cosa -   3 5— 
2e -fie 

Page III-3 20.20) lbs 
37,900 lea 
96,000 lbs 

3 -3 
Pa^e V-w Column headed Wü x 10   ahJuld read W   x 10 ' 

Cult tin headed W» should read W^ 

Culir-ii he'i.sed W-- shoild read W- 

Page V-I> Cvilu-ji heades Wp s'tuuld rca. Wa 

Col ann heacoc W-p si.  JIU read VL 
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Exponent, n, c.-r be detemlved by substltuUng knoun values of W and V. 

:0(  mfsoo\n 

n ■ l.ii 

Vds can be appli<>o f» duct loading by oeing the relation bubwuen speed 
and aerodynamic lo'ciing, 

-4 
w2 /w2y 

wi 

•ession for due 

WD - kDV 

t ased on the wing and fuselage analogies, 

m - 2 to 3 

n • 0 to 1 

The value of n = .7 derived above, is used. 

k and m are detenroned by substitution uf two sets of known values, with 
the limit, m = 2 to 3, uped as a check. 

Duct Weight Data 

Case l. Hiller Model 1031-A Flying Platform 
Reference (16), page 13 

Duct diameter (ID) = 60 inches 

Weight =22.0 lbs 

Disk loading =12.5 psf 
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Holm     The proportions of the Nodol 1031A duct and tho ducts in this re 
port ar  constant, nanely; 

OD - 1.27 ID 

Height • .2C7 ID 

bud.   A duct of 31«2 feet ID *ith v » 35 psf is doslcned provision- 
all^' t-i.id its might dstimiti^d.   The duct lr visualized as hivinf con- 
vertiomil airplane f? seln^t t;("pe construction.    (This woult be conser- 
v itivcly heavy.) 

Tho '.ireight of an airplane fuselaga of enuivalent size can be obtained 
from Figure 3ß, Reference 15. 

L ^ n x average diameter 

= „ (314*39) = m ft 

H - 9 ft 
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B - ii.2 ft 

L (B ♦ H) ■ UO (9 ♦ li.2) • ÜiSO sq. ft 

For a 300 knot airplane this gives fuselagt weight ■ 5000 lbs.   Apoly- 
ing this dsu to the W^ fonwl«, 

WD - idfn*7 

WD D 

$000 lb   31.2 ft     35 psf 
22 5.0 12.5 

By trial and error k ■ .051i2 and m " 2.6 are found to satisfy the above 
data. 

WD ■ .051l2D2•6w•7 (per duct) 

Duct weight per ship, in terms of VL and w 

"D ■ •"^l/l^'l      ''•7 

(per ship) 

2,k Engine Weight Wg 

Reference (9), Chart I, shows the predicted weight of shaft turbine en- 
gines up to 1965. Interpolating between curves to 1962, and allowing 
for engines not being of the size that gives the lowest weight per power, 
it is estimated that engines will weigh .32 Ib/hp. This is at standard 
sea level, with no ram effect, and ignoring lift obtained from downward 
jet exhaust. 

p at 6000 ft and 950F = 19.5/30.0 p at sea level. 

Engine specific weight at 6000 ft and 95° = .32 x 30.0/19.5. 

= .ii92 Ib/hp 
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- . *.»' x ..V'  wü fT 

'. " C .. i    Ac • W ..-M:, WFA 

n"rv »  f.« r   ;/• .        a.J ü    1.       •        .       t 

Frcm Rufca*  •   (11). 

0 '■ T« .: W.   ,,... W   ,,      ;. .. ♦  .:u?ii'J'' tH-        )•'" 
•vl 'tar- 

N " .-.urü.!..  cf e».r Jkf p<.r Si.tp 

Couli;.-' .nj smcii      's C!j*.n»atOii '.» t    l«/;l c/ W,. 

AJ 
f;^se we-  M..    .i    ni,   >, o mp1   'i ' ^ VL    i.. .v dn L

1
.   :p'n nni^'d .v. 

a sjnK'lw expressLoii. 

W      ~ A V/ r 
WEA      A WE, 

A • .n1 !•  -T    'i   "   ITrf ried .■...' .w, 

«EA f ■   WG 1 J --■ 

A     r     J      0    Pill   |     /,'     'l'.'-   vü' 

W   , - -^ x o -» ,ch9 >• t'^9 Oi90)'9'Jl' 
c.-.i 

0 

W - .2; x r^0 (oywo)'0-1 - 209 
:■'   rt 

'LijOü lb 
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«^ for W0 - 25000 lb, 

v - 35 psf, ii ducts: 

Woil " 3.8 x 8 ♦ .0li9 x a*09 (1730)•908 - 58 

W8Urt ■ .29 x B'U0 (1730)-60 - 73 

Wcowl " -173 
3?5 lb 

V^ 11*68 lb 325 lb 

1730 lb 
oare 

9790 lb 

1730> 
\n . 325 
/      1168 

n = .87 

A _     11*68 

(9790)' •Ü7  s 'h90 

%h = .1*90 W^ 
"'■)are 

.87 
'EA      '*'v "E. 

= .1*90 (.011? WG l/7)-87 

WEA = .0102 WG-87   w*^ (per ship) 
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?.6. Structural Height (Bea«»;, W B 

The method used in deriving an exf-reeaion for structural weight was as 
follows: 

(a) Overall sketchs of one 3-duct configuration and one ii~duct con 
figuration were made to scale. 

(b) Provisional designs were nade of the structure for each configura- 
tion. 

(c) The weight of each structure was calculated. 

(d) A theoretical expression for structural weight was derived. 

(e) Weight data calculated from the provisional designs was used to 
evaluate constants in the theoretical weight expression. 

2.6.a.   3"Duct Configuration 

w ■ 35 paf 

WQ « 80,000 lbs 

The first 3-view drawing shows the 3-duct configuration with w » 35 psf 
and WQ » 80,000 lbs. Tbere are three engines per duct, driving counter- 
rota tinf propellers through transmissions located centrally in each 
duct. Each set of three engines is grouped around a pylon which extends 
downward to the landing gear. Each duct is connected to its engine 
nacelle by four spokes, and two of the interconnectirig beams. 

Figure 16 diows the arrangement of the spokes, beams, .ylons, a;:d power- 
plants. The upper end of each pylon is a ring to which are attached 
two beam ut;per longerons ana i'our ouct spokes. Six other jpokes, 
arranged conicall.v, extend downward to the landing gear strut. 

Each engine is nested between U;o of the conically arranged spokes, and 
each transmission is in the center of a ring. The weights of the vari- 
ous aircraft components are distributed over the structure as is shown 
in Figure 17, 

Provislünal Beaii: Dosign for 3jDu£t Configuration 

The beams were designed to the following conditions; 

Maximum vertical load (crash load) = 8,g ultimate. 
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Obstruction loada, applied it base of landing gear -3.5g lixit, 
vertical and l,75g Unit, horizontal in any direction. 

In-flight load factors are expected to be leas than those encountered 
in landing. 

Margin of safety «1.0 

Construction to be of 202iiST Al Alloy tubing 

Ftu - 61J000 psi 

F.    • Ii2ü00 psi 

To avoid local Instability failure, tubing diameter/wall thickness 
war held - 30. 

Each beam consists of an upper and lower tubular longeron, spaced 2.6 ft 
on centers with diagonal bracing of tubes set off at h$0>   The tubing 
diameters were calculated to accommodate the loading conditions, the 
longeron cross- section area varying in uniform steps from one end of the 
beam to the other. 

Cross-section properties of the longerons and diagonals were determined 
to be as shown in Figure 16. 

Main Beam Weight, 3-Ducts 

Specific weight, p, of 202I4ST ■ .101 lb/in3 

Diagonals 

Weight = pV 

- .101 LA = .101L A 

« ,101 x 2 x ^ fri2 x 17:02 
cos u5 

= 153.8 lbs 

Longerons 

13.61 + 3.I4O  o t-i • 2 

Average area = *  = 0.51 in 

Length = 2.6x12x^x8 = 998 in (Conservatively consider- 
ing that beams extend to pylon centers.) 

Weight = 8.51 x 998 x .101 = 857 lbs 
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Total Weight of Kiln Bean 

ToUl wi^.t - 357 ♦ VB.B 

- 1010.6 lb per bean 

- 3018 lb per ship 

2.6.b. Provisional Beam Deai^n for U-Duct Configuration 

The second 3-vlew drawing shows tne l*-duct configuration with WQ • 
60,000 lb and w * 35 paf. There are two engines per duct, but otherwise 
the pylons and beams are of the same type as on the 3-duct configura- 
tion. 

The weights of the various aircraft components are distributed on the 
structure, as is shown in Figure 19. The loading conditions are the 
same as were used for the 3-duct configuration, namely: 

Crash loading ■ 8.g vertical, ultimate 

Obstruction load- 
ing at base of   ■ 3.5g vertical, limit and 1.75 horizontal, limit 
landing Rear 

Margin of safety - 1.0 

Construction:  2Ö2ÜST Al Alloy Tubing 

F. = 614,000 psi 

F. = 1*2,000 Dsi 
ty   » 

D/t = 30 

A provisional design shown in Figure 20 was fnade oi the beams with the 
spacing between longerons and the cross- section areas oi members deter- 
mined to accommodate the loads. The cross-section areas of members vary 
in uniform steps from one end of the beam to the other. 

Provisional Design of Diagonal Beams, li-Duct Configuration 

See Figure 20 

Longerons 

11.65 + 7.00  o -50 • 2 Average area =  *  = 9.32 in 

Length = li? x 12 = 56h  in 
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Weight • (9.32) (561*) (.101) • 530 lbs 

Diagonals 

Average area • 3*96 in 

Length - 2.35 x 12 - 26.2 in 

Weight - (20) (.101) (28.2) (3.98) - 226 lbs 

Total Weight of Beam 

ToUl weight ■ 2(530) ♦ 226. ■ 1060. ♦ 226. • 1286. lbs 

Provisional Deaign of Outer Beams with Winch 

See Figure 20 

Lon^erona 

Average area - 3.70 + lif.60 . 9#1$ in2 

Length - 36 x 12 - h32 in 

ToUl weight - (9.15) (1*32) (.101) - Ü00 lbs 

Diagonals 

Average area ■ 3.1*5 in 

Length = 2.55 x 12 = 30.6 in 

Weight = (11*) (.101) (30.6) (3.1*5) ■ 150 lbs 

Total Weight of Beam 

Total weight = 2(1*00) + 150 = 950 lbs 

Provisional Design of Outer Beams without Winch 

See Figure 20 

Longerons 

.          8.19 + 1*.91  / r^ • 2 Average area =  *  = 6.55 in 

Length = 32 x 12 = Ml  in 
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Weight • (6.55) (381i) (.101) • 25li lbs 

Diagonal; 

Average area • 2..2 lnfc 

Lewth - 2.30 in 

Weight • Cih)  (2.30) (2.72) (.101) • U lbs 

Total Weicht of Beam 

Weltfit • (2) (251*) ♦ W ■ 508 ♦ 88 - 596 lbs 

Total Weight o. Beams of Ship 

ToUl weight ■ 2 12vC •• VO *  .*';6  - 2(2n32; » 5660 lbs 

2.6.c. Beam Weight Eqintion 

The main bea s are badcally considered to be simple beans with concen- 
trated loads. Tlie beam deoth is proportional to length and the section 
area of the beam flanges is varied to accommodate the bending load. 

The ueifiit of s ch a beam illustrated Is nv.i investigated. 

= kL 

_Ji -- k'L 

CONFIDENTIAL IV-^2 



CONFIDENTIAL 

ARD 124     CONTRACT DA 44-I77-TC-382 

Jtanent, M 

PL 

PL 

t 

Weight of beam 

PL --jr 

2 (at) J 

tK K'V 
"5  
h 

k'L 
T 

Jj-xStK^ 

3K K'L't 

SICKT 

pL x (2ath)t 

p(2K+K')L2x SKK'L 

(SM') x pL2 

2 Weigiit ^ PL 

In the case of the Flying Crane beams, P corresponds to WQ and L corres- 
ponds to duct diameter, D, which is proportional to (WQ/W)

1
/

2
.    In 

general. 

WSB = KXWG   F 

1/2 

W 
= K   G 

3/2 

V2 

For 3-ouct, 80,000 lbs, 35 psf, WSjg = 301^8 lbs 

1/2 
K = 

WSBV7 

W, 
3/2 
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. ™ Wf . .000805 
(fio,ooo)-'/ 

3/2 .ooodos w, 
'SB TTT per ship for 3-duct» 

For lj-duct, 80,000 lbs, 35 psf, WSB • 5660 lbs 

5660 x .000805 K - "TOT 

SB —17? 

3/2 

.0011*98 

per ship for b-ducts 

2.6.d. Provisional f^lon Design 

Using the pylon design and the loads fron Section 2.6.a., a provisional 
design was made of a pylon for the 3-duct confiiToration. The cross- 
section areas of the pylon spokes, ring, oleo strut, and olco plston/ 
were determined. They are shown in Figure 21. 

The pylon weight Is calculated below: 

fyion weight, 3-ducts, W   ■ 30,000 lbs, w - 35 psf (202liST Al Alloy 
tubir,^ construction) 

Ring; 

Length = n x ii.5 x 12 - 169.8" 

Average diameter = ——s '— = 12,56" 

Wall thickness = 13'0 g 12'12 - ,khn 

Volume « 169.8 x 12.56n x .lii; = 29143 in3 

Weight = .101 x 29k3 ° 297 lbs 

CONFIDENTIAL lV-2k 



CONFIDENTIAL 

ARD 124     CONTRACT DA U'P7-TC-382 

Inner Spokesi 

Total length 

Avenge diameter 

Wall thickness 

Volume 

Weight 

Oleo Cylindert 

Length 

Average diameter 

Wall thickness 

Voli me 

Weight 

(6) x 5.5 x 12 • 396» 

h2L^k . 3.77« 

3.90 - 3.61 
T .13' 

396 x 3.77n x .13 

609 in3 

61.5 lbs 

8.7' x 12 - lOli" 

13.62 ♦ 12.72 
 2  
A3.62 - 12^ 

V     *     ) 

L3.17" 

x 2 

.90,, 

IOI4 x 13.17n x .90 - 3870 in3 

3870 x .101 « 392. lbs 

Oleo Piston: 

Average diaineter = 

Length • travel + 3 diameters 

= 16" + 36" = 52" 

12.52 + 11.70 = 12.11" 

Wall thickness = 12^2'- 11'72 x 2 = .eo« 

Voliune = 52 x 12.11n x .80 = 1580 in' 

Weight = 1580 x .101 = 160 lbs 
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Oleo Bracesi 

Length - 2 x 8 x 12 - 192" 

Average diameter - ^ ^ h«8* . 5.02« 

«.,, *U4^ . 5.20 « li.85 . ,0. 
ii.  Ml AUIUICDO 2 - .xg~ 

Volume ■ 192 x 5.02n X .18 ■ 51*5 in3 

Weight - 51*5 x .101 • ' 55 lbs 

^lon 
total 

tubing 
weight ■ 55.0 

160.0 
21*5.0 
61.5 
297.0 
7TB3 lbs 

♦ 10% lor fittings • 72,0 
+ Foot • ;5ü.O 

101*0.0 (Total weight of one pylon, for external 
loading, 3 ducts) 

Wsp - 3120 lbs 

2.6.6« Derivation 01 General Equation for l^lon Weight 

A general equation for pylon weight is now derived. To do this, the 
manner in which pylon height varies with WQ must be investigated. 
Figure 20 shows the parts of pylon length for a ship of WQ = 61*000 lbs 
and w ■ 35 psf. 

Minimum ground clearance = duct diameter x sin 2°, Duct diameter varies 
with WQ1/2. Beam depth = 2.5' for WQ = 65000 lbs. Beam depth varies 
with WQ1^. 

WG1/3      WG1/2 
Pylon height = 11.5 + 2.5 x ^ ^ .5' x ^ 

Ht   lli^'   15.36 
vT  SHooo  T^Boob 
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irjQOO"    15.36 
5I35Ö5" 'nnr 

n ■ .081i 

..081i The r/lon Is likened to a bear, whose length ^ ?
%'

v * and whooe section 
properties are varied to accorunodatc the benalnr loid. Its section lias 
constant .^oportions, as shown in tic sketch i slow: 
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M^PL     f 

L     k P-03" 

I     2 at (n/2)2 

a ■ k'h 

t  - n 

PL  - k P1'0^ 

j- - S k'k"h3 

) 

1/3 

h^p.362 

2 Weight —Lh' 

^p.Ooli ♦ 2 x .362 

General Expression for Pylon Weight 

Bfy analogy with simple beam 
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For 3-c cts, W0 " 90,OCK II s, external } *»l, Wsp • 31^0 lbs 

K • .,(£ A fify ' .y.,'' 

Foi li-uuctn, 
J.OB 

'SP " ^ X   t X WSP 
WBIj • s x   f x WaB lor 3-dbctfl 

• i.CH /. Wgp ior 3-duc^n 

■ 1.06 x .3t£ 

• .361 

Wgp - .i^^08 (for 3-cliicl8) 

wSi ' •36:WG
%^8 (:'or .Wucts) 

'c,7   Suiictural A'-ieisr.ries Wei.'ht, W-. 

Stfictural a •ces^?r•;•.ie.•:     -.s-rt. -»f i'U:,-nt «ontrols, hydra».ii-   in. «.>e:- 
tric syslers, f'irni.iiiiv.s, ar-n JH. ir.    Reie:ence 11, page '<},    -ives 
th'j following e/.presslonr lor tlie tirst three: 

W     .    ,    - ,-?12 Wn
,G8 

contrj. s G 

W    , ,      - .361 W,,*'1 

-lyd ana elec G 

fuimsh & 

These three expressions can be replaced by one e:'j.Te;>ricn of the .: JITI, 

WSA = K W
G
n ^ 50 

K and n are evaluated below: 

'W 'A11 • W   + W'  , + W'   * 'jO 
G \   __ jon   hyc farn  

O' i  " w''     w"u ]   w"       r 
G y    con +  hyd +  furn + 30 
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/ >oooo V    m 

n * ,M 

CaUn ./äi^it is eatijitfUi tc- f»   "0     s lor W,. * l/iX"^) lbs,  i«.   *•• *.* . . 
as rollo 'si J 

. 

w w        -. ^ 

i.''  ".")     •• v;      s. w 

»if        ' b       .e. t   e-   !'., W.     ,  ♦ RA     I W :    *, W 

Reler.T/n 11,    &,.:,•   v,      •    s L ;       n   •.     .:    f   i ; 

K. ,1.'. »/p irs 0 

Co/m.r-i \.i ir';s   'q  i    ai.t wt'i' t :as been   .tfe.nirt'i    .e i       y ir      Lj 
study as, 

w    .   -  •■/'; .DS 
^ai. :<■ 

W    •    'j <   .10]  WÜ
V''L (oe-   3..ip; 

%    F EL AVA'ilAl^ 

The rat.LM :-.' fu"' ivai..-1 
1-6 ü ro. 

sx!;re,  :i' n.: 

.■'VM.^. 

/ 
K 

\ 
i   , 

WP 7 

( The emr.iyj we.L;ht. :'.- iv/ 0    s '> c   -m-. L,    'jel^rt '.::.v.i.'.'.(.: i'.y    -^s 

Part ^ ,,    Ths r.i.i :..      ."/i  ■/    ;he om; "^  v/cVjht rat.io i ■  'ic ■■„■■'e.. i        • ie 
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lie constant K is the ratio of fuel weight to fuel weight plus tank 
voicht« It is aosu'ned that U#e jet j*uel weight is 6*5 pcunde per 
gallon and the tank weight iu 0.5 pounos per gallon. 

Hence,       X ■ £^6;5j • .92^ 

W 
P 

The payload ratio n* Is the ratio of weight of payload plus crew to 
".oss weight.       Wp is Jie weight uf cargo and crew. The crew 
is assumed to weigh (x/O -cundc. 

Hw.ce,      Wp • Wcargo « «» • P ♦ U)J. 

Ratio o* fuel availaole to gross weight is presented in the lollowlng 
final form« 

p -0.92Ö   fl-LLie2./ 
'avail \ 0 > 
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V. PARAKETRIC STUDIES 

1. BASIC PARAMETERS 

The basic parameters in this study are number of ducts b, gross weight 
UQ, payload P, disk loading wt mission radius R, and hover time t^. 
Radius and hover time are not included in the parameters of fuel avail- 
able study. Number of ducts is eliminated in fuel required study by 
two assumptions. One, the specific fuel consumption is assumed to be a 
function of total horsepower rather than a sum of functions of individ- 
ual engine horsepowers. Secondly, the power-correction factor kc that 
takes into account the effect of control moments is assumed to be l.Oli 
for both configurations. 

The values of parameters that are used in fuel to weight computations 
are written in the following matrix form. 

3r—-,   60,000 

100,OOOt-)(A2ii,000 

16,000 35 

75 

lli0,000/ //) 32,000^ ^150 

180,000^ 300 

2. RESULTS OF FUEL TO WEIGHT RATIO COMPUTATIONS 

Required Rp 

With other parameters constant, Rp increases with increasing radius, 
disk loading, and hover time. This is as expected. Similarly, Rp 
decreases slightly with increasing payload. The decrease in horse- 
power required in return flight with increasing payload is responsible 
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for this change« The?« Irenas of the variations of parameters on the 
Rp.y plot are presented in Figures 22, 23, 21, and 2$. The figures 
also show, that with all these naraneters constant, Ry increases with 
increasing tfrcss weight. The increasing ratio of horsepower required 
to gross weight with increasing gross weight in return flicht produces 
the variation. 

Available Rp 

Available Rf is affected mainly by gross weight, payload, and disk 
loading, see Figures 26 and 27. The curves show that Rp increases with 
design gross weight WQ, leveling off in the region where Wo is very 
large compared to payload. 

Figure 26 indicates that up to a certain disk loading, Rp increases 
with w. Above that value of w, Rp decreases again. This is due to the 
large weights of structure, ducts, ami rotors for low disk loadings. 
On the other hand, at high disk loadings, w, the engine weight is con 
siderable. For any given design gross weight, the empty weight has a 
minimum in the region of w ■ ISO lb/ft2. 

The increase in weight of ducts and connecting structure is slightly 
more than the corresponding increase in the design gross weight. This 
tends to penalize lir^e size so that at very large values of WQ, Rp 
actually decreases. Likewise, for a given WQ the li-duct configuration, 
havin»; smaller uucts than the 3-duct configuration, will have a lower 
duct weight. However, it will have a larger structural weight, so the 
net difference is small. See Figure 28. 

3. R^ULTS OK OPT:MIZATION STUDY 

The required ana available fuel to weight ratios are plotted for all 
combinations of payload, disk loaciin;:, radius, hover time, and duct 
configuratiün. The intersections of the required and available Rp 
curves give the possible combinations of gross weight and disk loading 
to carry out tne mission. The optimum ship for tue mission is the ship 
of least gross weight. Figure 29  is a typical intersection plot which 
illustrates the method of obtaining the optimum ship. Trends of varia- 
tions of payload, hover time, and radius on gross weight, disk loading, 
and fuel to weight ratio are presented in Figures 30, 31, and 32. As 
shown by the graphs, with other parameters constant, the gross weight 
increases with increasing payload, hover time, and rr.c1!us,the optimum disk 
loading decreases with increasing hover time and radius and increases 
with increasing payload$ the fuel to weight ratio increases with in- 
creasing payload, hover time, and radius. The difference between 3 and 
h  duct configurations of the optimum ships is small in general. The 
largest difference lies in the region of small radius and large payload 
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VI.    CONCLUSIONS 

Contrary to the pwor re julrcd curve of the helicopter, which .IäS . pro- 
nounced mli.lnun *»t  . fnräM speed corrc; penning to a tip speeu ratio of 
approximately 0,-, the p^w« r r-^uirct. for h iucted propeller is much 
less ü«>pe!ident of sp •":.    Broadly ^ponki:i!> for the «ane weight ana disk 
loaiing ttiri fjr the .-pe-^u rarge irv-itl^ md. thtf power re ruin*! for » 
auctfj propellrr c^.tfiguratioi. is abou;  tho san»* as that of tht- helicop- 
ter at its speod of minimum p *er.    Thiü increase in efficimc:  l^, of 
course, du- to tho D n.ficial effect of the shroud. 

How.vir, if the shroud is laid oit for m .<imum efficiency in hovtring, 
relative 1, larg*» r.os^-up pttchir.^ roomerits   re generated in forward 
flight.    Th«%sc pitching moments, which h v.- »o be cempens'ited ly pr^p'r 
means of co-.trol, ca!. represent     scrlo /   problem and should, tiirrefore, 
not be ?v r] okod,    Th'- ra'-her limiu\i • . t ...ita presently  ivail .hie in- 
dicav   th:»L th so p;:ching momcn'.i c .•    i   rcJuc^d considerably b* using 
c shroud fonn, which is 1-JS   dv .{.t:ip«ui.   .:. hovering.    This motr.s th t, 
unless a beit-r typ" of shroud c^r .c .it*v loped, the designer h * to 
ompromisi   b-v.een hovering efficicc.   J. i forward fli^h' chtr.ct- ri.- 
tic^. 

If 'io auditijr.il mear^ of propuisinr. nrr useo,  i.e.,  if th.' fot..l ^r'g 
is overcome by t.h«   horizontal empon    t -. f th-^ thrust vc'orC.;), 1 rgo 
forward till armies ar* r   uird :i. forward llight.    T) -• ccrtai!   ex- 
tent^ apfl^c:i(.; uf th^ slip- 'rv .in D/ va cs has thr sun- «ff-c   ..; 
tilting of Uv.^   i-jct...    As t.ilt a'.g.l^c up M 50   ar- n-oued,  til*>ing A' 
the w.-iole fuselag    i:   pracic-ll.,  o-1  of th    ^ueslio.'.    This me.-.ns th'.t, 
unless aciditio -1 meats of propuli.i..r    r   v^mployed,    ither th»   cuctc 
hav    t> b    tilfd plat.v    «o thr fusela}-.   or t.ha*  t"-,»   principle ofsl.p- 
jtrcam rj fi^ ct    .   'rs  :c b-   u^\x.    Th • possibl«; r.f,*;-   'jf •.pplic'ti m     .d 
cfficl'.r.c    of the li    •r is :.ot    't full    known. 

Tho oth r po s:b:lit.,   i; t/j rmplo.y sopar-.t' meins of propul::i. n.  . uch    ?. 
addit.ioi.l prop-Jl-r.,.    To the extr?nv;   the Mrcr.ft, would h.w osse.-. 
tinll,  z T'    rgie of  in.^aonce   it    ]! l'j'/cl flight conditior:^     i.-r    thi 
tot-tl   ing is f.v r-'omo b;  :ho vid.; ticr/U propt'lljrs.    Tho nomoi.tujn 
the...r/  i.eic.' \   t.'i.l  !•   this Cxsy  ' h" U.Ul power r'ouircd for1 fm-.j.rd 
flight i..cr   .'.os oo s;d r-^.l'.    Acc;c'rding ,." Hiller's truck tests   .f th; 
flying piatfoni: th- ..c-s'-up pi chir'.n momo>;-.s   :lsr' incr-u-.o. 

For tliojf re-.io.s,   this contractor pr,c:e,.tlv f..vors :i cemprcmise cr- 
sisti.-ig of siip~;'tr("'am doflectiun  ir. coi uoction with a propaliive pr  - 
pell.;r '••■.d slight fo.'-w.ni tilt of th^ ;:ircrift i.i forward flight. 
Whether such  •-     id'iii.ior.ril propeller is r  -uirod or no'  'iep r-ds  t' 
high ext.od-   ,.)ii bc;..h  thr c fficioic.y of  Khr siip-st jerm dcflectior m  rh( :: 
and on  the sUIILng chüractoristics oi' .; ducted fan in forward f!i;,hr.. 
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The answer to these probleas is not known at present. It Is felt, 
therefore, that the final answer on the best method of propulsion must 
be obtained from wind tunnel tests. 

The missions investigated in this report cover the following ranges: 

Radius:    5 to SO nautical miles 
Hover time: 0 to 30 minutes 
Payload:   16,000 to 32,000 pounds 

With regard to the optimum ships found by the parametric studies, the 
following statements can be made. Gross weight, disc loading, and fuel 
to weight ratio for a given mission are affected only slightly by a 
change in number of ducts from 3 to a per ship. In general, an increase 
in the duct number from 3 to b decreases the optimum disc loading and 
increases the minimum gross weight. The fuel to weight ratio remains 
practically the same. 

The effects of the variables of mission (radius, hover time, and pay- 
load) upon the design parameters of the ship (gross weight, disk load- 
ing, and fuel to weight ratio) may also be expressed in general trends. 
As expected, gross weight increases with increasing payload, hover time 
and radius. Optimum disc loading decreases with increasing hover time 
and radius, and increases with increasing payload. The fuel to weight 
ratio increases with increasing payload, hover time, and radius. 

A detailed list of the parameters of the optimized aircraft is given in 
Section V,3 of this report. Broadly speaking, the resulting parameters 
lie within the following limits: 

Gross weight:       36,000 to 208,000 lbs 
Disc loading:       60 to 197 lb/ft 
Fuel to weight ratio: 0,0h  to 0,260 

As pointed out previously, due to the lack of basic information the 
above results are partly based on theoretical performance calculations 
derived from the momentum theory. Interference effects have been ne- 
glected. In the course of the study various other assumptions had tobe 
made which are described in the body of this report. 

Although it is believed that these assumptions are realistic and that 
the theoretical developments represent the present state of the art, it 
should always be borne in mind that for the final design of a successful 
ducted fan type flying crane further experiments are required to give 
the answer to the problems still unsolved today. 
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Till. LIST OP STM30L8 

V weight in general, lbs 

VL  design gross weight! lbs 

V actual weight at the beginning of a cruise or hover period, lbs 

D   ropeller diameter, ft 

2 
A  propeller disk area, ft 

2 
A  duct exit area, ft e ' 

b      number of ducts 
2 

w  nominal propeller disk loading, lb/ft , parameter of parametric 
study 

W 
w B — 

bA 

2 
w  true loading of duct exit area, lb/ft , used for forward flight 

performance calculations and assumed to be 

w = l.lw 
e 

T  propeller force, lbs 
for hovering: net thrust per propeller-duct combination 
for forward flight: resultant force vector, see Figure h 

M  figure of merit for static thrust, see equation (1) 

T  efficiency factor for forward flight, defined similar to M, see 
equations (2ii)(25) 

V flight velocity, ft/sec 

V duct exit velocity, ft/sec 

V vertical rate of climb, ft/sec 
c '  ' 

V angle of climb, deg 

e   velocity ratio, e = V /V 
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a      iluc*   .'lt.    i^, der, ^m  „/t if du^*- «.8 * it*d fcxuard 

j 

D      ^'t^.       d J\'    .uj 

;       : ,ii-i'ür : 3 «r..;! ;   raj«! 'erf»   external «ivfe, d ^Lwd b'oqufci.'cn vlii^ 

1       i.o: - iJ's. . ^1    • nmUiV for «n* »iw    drag, defied by couatiuj (ui) 

n      s *:SJ :'l  < •   i scdirvl, lb sec/ft 

r - V A c 

F       functi-      .'.fjr. vl nu 

F     c ic'--'   *"-* "öo Figure ? 

F'      F'      -f   S'.e    -i: ticns (27)(J6) CJ. i /i :«:re 10 

f i vi'ie .i c >1 lilt •.• r-uneter, ü« :     u^ F^urc 5 

0        ji.'.-in»; ir.!   :.:    tn    'ic Lent, posL^iv. no.;o-up, defireU .^s 

"IT A.J 

i^/ ;;i / •. c;ial co^.Tlcionts foi* f ■VüT   .\-{...red, see o-iutU-i. (jt.'); 
5 .'f '  n; t •       'ur r.n'ijred in b.'/e'1   f.. 'rtjdf to excess .00    r 
'.   il iblc  "•:  i.lim: ^ 

Af/f      < '.".■;.   (ere. ;.J ,'■:■ .1    ivaiJablo :' r  ^iv  )(, vpowur requir  i f   •■ !• co] 
rl.i nt.) 

^       c L m    nf i. '   '!■'   cy_,  see equ:. .in»! :  (j1, j'":''.) 

r^      pr:;...'.-.l..r   ;   M-     -C; 

rr       tr^MSTiLJülur. -. t. fici. ;ncy 
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k       perfoiwmco corrccti»)!! factor that Ukes into account the Increase 
in power required due to pitch control (dr.- .*.u' nl Uit^at),   13- 
sumed to be l.Qli at 70 knots 

p      densit;- of air, lb sec ft 

q  dynamic pressure, lb/ft 

q " V0
2p/2 

IIP     horsepc»?or 

R       range, nautical miles 

SPC   specific fuel consunption, lbe/HP/nr 

In addition, the following synbols hpve been usod 1 »r Section IV "Depri- 
vation of Weight Equations": 

H number of hubs per duct (" 1 for single rotatio", 2 for dual) 

k constant.    U;jed for several different cases 

n number of input shafts per transmission 

Rp fuel weipht/gross weight 

W. gross weight of ship 

W„ rotor weight 

W- transmissicr. weight 

Wj. duct weight 

VL engine wcl;it 

W-R structure xeiglit (pylons) 

W„. engine accessory viei^ht (oil +  banks + starting svstem) 

W-.    structural accessory weight (electric and hydraulic systems, c^bin, 
furnishings, and flight controls) 

W-      "other" weight (instruments and radio) 

Wp     payload (cargo and crew) 

Wp      cargo weight 
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FIGURE 3 
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FIGURE li 

Direction of Flight 

FIGURE h'    VECTOR DIAGRAM OF FORCES 
(EQUILIBRIUM CONDITION,  LEVEL FLIGHT) 
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PIOURE 5 

12-1 

Disc Loading Lb/Ft4 

?IGURE 5: 1 AS A FUNCTION OF DISC LOADING AND SPEED (SEA LEVEL) 
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FIGURE 11 
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FIGURE 12 

O.^i 

O.H 

0,3^ 

Assuncd Value 

3 Duct Configurati-: 

k Duct Coufitfuatic". 

o 
10 20 30 ho 5o 

Propeller Diameter, Ft 

FIQURB 12:    EXTERNAL DRAG COEFFICIENT       CONF|DENTIAL 



AID 

CONMOfNTIAl 

124       CONTIACT   DA  441771013 

Flu ."RE 1 



AtO 

CONflOINTIAl 

134        CON TB ACT   DA   44 177 TC 38? 

FIGURE Ui 

i 

 Ifias ztaame umt cas^ctiM^ 
i   J 

-, 

, 

.<AlfM^A   ^i^ 

i 

(kr#F. w^ 

t 

. .  — [:- 
1 

. 
—;—I. 

• 
-4»- 
.... 
•. ■;   ■ 

i 

L  

,    ,: '. 

/.LL 
■ 

■      .1 

i 

.... .   i. 

 l" ' 
-. 

i 

i 

1 

bt-l 

1 

. .... 

...    i 

I   ■!    ■■ I        ■ 

.    :    . 

I (..,.: 

Qf- 

BLmUti 



CONFlOfNTIAl 

AID ■   134       CONTIACT  DA 44I7MC3M 

FIGURE IS 

r^ 

- cv 

r o 

- a» 

- ^ 

- c^ 

2 
ti 

s I 
M 
a. 

UN 
H 

s 

CONFIDENTIAL 



CONFIOCNTIAI 

AID ■   124       '.'ONTtACT  DA  44I77TCM) 

FIGURE 16 
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